Molecular and traditional epidemiology studies have indicated a possible relationship between in utero environmental exposures and increased risk for childhood cancers, especially acute leukemias. Chromosomal aberrations have been associated with environmental exposures and cancer risk in adults. In order to more clearly define the association between prenatal exposures to carcinogenic polycyclic aromatic hydrocarbons (PAHs) and chromosomal aberrations, chromosomal aberration frequencies were measured in a subset of 60 newborns from the Columbia Center for Children's Environmental Health (CCCEH) Prospective Cohort Study. The subset was comprised of African-American and Dominican, non-smoking mother-newborn pairs residing in lowincome neighborhoods of New York City, who were exposed to varying levels of airborne PAHs. Prenatal exposure was assessed by questionnaire, personal air monitoring during the third trimester, and PAH-DNA adducts in umbilical cord blood.
Introduction
Several lines of evidence suggest fetal susceptibility to carcinogens and that in utero exposure to environmental pollutants can result in carcinogenic DNA-adducts, chromosomal aberrations, and increased risk of childhood cancer [1] [2] [3] [4] . The short latency period seen in pediatric leukemias suggests in utero initiation of cancer [5] [6] [7] , as does the discovery of the diagnostic chromosomal aberrations, PML-RARA, CBFB-MYHII, TEL/AML, AML/ETO, and MLL gene fusions, in archived bloodspots of children who were diagnosed with ALL or AML months to years following birth [8] [9] [10] [11] [12] . Comparison of PAH-DNA adducts and cotinine in cord and maternal blood suggests differential fetal sensitivity to PAH and tobacco smoke 13;14 . Heightened fetal susceptibility to these carcinogens could result from higher rates of cell proliferation and differentiation, greater absorption or retention of xenobiotics, and/or less efficient detoxification, DNA repair, or apoptotic mechanisms [15] [16] [17] [18] [19] . Finally, although epidemiological studies have been inconsistent with respect to childhood cancer [20] [21] [22] , a number of studies have linked prenatal tobacco smoke and PAH exposure to increases or qualitative differences in biomarkers such as cotinine, carcinogen-DNA adducts, somatic mutations, and chromosomal aberrations 1;2;23;24 .
PAHs are pervasive environmental toxicants in ambient air resulting in large part from the incomplete combustion of fossil fuels. Multiple studies comparing genetic damage in persons living in polluted, industrialized urban areas with those living in less polluted, rural areas have found significantly increased levels of carcinogen-DNA andprotein adducts, sister chromatid exchanges, somatic mutation frequencies and/or chromosomal aberrations in adults 13;25-28 .
Prospective cohort studies by the European Study Group on Cytogenetic
Biomarkers and Health has validated chromosomal aberrations as a biomarker of cancer risk, especially for hematological malignancies 29 
Materials and Methods

Study Population
The CCCEH cohort study population is comprised of more than 600 African-American or Dominican mother-infant pairs, as previously described 14;35 .
The subjects reside in low-income, predominantly minority neighborhoods in Northern
Manhattan and the South Bronx. These urban areas are densely populated and subject to Sixty newborns were randomly chosen for chromosomal aberration analysis.
Demographic data for the subset and total population are presented in Table 1 . The subset of newborns who underwent chromosomal aberration analysis did not differ from the present population with respect to airborne PAH concentrations or PAH-DNA adducts (see Table 2 ); however, they differed with respect to ethnic and residential distribution (see Table 1 ).
Exposure Assessment
Questionnaire
Questionnaires were administered by trained, bilingual personnel in the women's homes during the third trimester in order to elicit information on demographics and history of active and passive smoking. 14;35 . 
Air monitoring
FISH procedure
The whole chromosome probes used are available from Cytocell, Ltd. (Adderbury, Oxfordshire, UK) as a kit (Chromoprobe-M) containing coverslips coated with reversibly-bound biotin and digoxigenin-labeled DNA probes for human chromosomes 1-6. Chromosomes 1-6 account for almost 40% of the DNA content in the entire genome; thus theoretically, they are more likely to experience aberrant events than the other chromosomes, because the probability of a break(s) occurring in any particular chromosome is based on its DNA content. This has been seen in radiation research, which demonstrates a linear relationship between DNA content and breakpoints, i.e., larger chromosomes are subject to more breaks 37;38 .
FISH was carried out according to the manufacturer's directions. Briefly, the prepared slides with well-spread metaphases were placed in a Coplin jar containing 2xSSC at room temperature for 2 minutes. The slides were then dehydrated for 2 minutes at room temperature in 70%, 85%, and 100% ethanol, and rapidly dried. The
Chromoprobe-M coverslips, the sample slides, and hybridization solution were prewarmed to 37°C, 10 цL of hybridization solution was added to each sample slide, and the coverslip was immediately applied. The probes and target DNA were denatured on a hotplate at 75°C for 5 minutes and then incubated in a humid chamber overnight at 37°C.
After removal of the coverslips, the slides were immersed in 0.4xSSC for 2 minutes at 72°C and then washed in 2xSSC with 0.5% NP-40 for 30 seconds. 50 цL L of detection reagent, mouse anti-digoxin green fluorophore conjugate mixed with streptavidin conjugate red fluorophore, was applied to each slide, glass coverslips were applied immediately, and the slides were incubated at 37°C in a humid chamber for 2-10 minutes.
After washing, slides were immediately counterstained with 10 цL DAPI-Antifade solution and coverslipped 1;2 .
All metaphases were scored by one individual, who was blinded to all demographic and exposure information until aberration data collection was completed, using a 60X oil objective on a Nikon fluorescence microscope equipped with a filter wheel and a triple band pass filter which allows for concurrent visualization of In order to be consistent with prior research, 1000 whole genome equivalents, or 1800 metaphases, were scored per subject. "Whole genome equivalent" refers to the correction factor developed by Lucas et al. 38 that is applied to stable aberration frequencies detected by single-color FISH to adjust for those aberrations occurring in chromosomes that are not "painted" by the FISH probes and those aberrations involving chromosomes "painted" with the same color. Application of the correction factor is based on the assumption that the probability of a break(s) occurring in any particular chromosome is dependent on its DNA content; i.e., larger chromosomes are subject to more breaks 37;38 . Whole genome equivalents for this study were determined by adapting the correction developed by Lucas et al. 38 to include the additional "paint" color utilized in this study rather than the single-color FISH used by Lucas et al.:
where F p is measured aberration frequency as detected by FISH; f r (red), f b (blue), and f g (green) are the fraction of the genome painted based on DNA content (38.8% for chromosomes 1-6); and F G is the expected total aberration frequency. Fraction of the genome for chromosomes 1-6 was determined from the relative length of each chromosome 39 . The resulting equation is: Forty-eight subjects of the subset had an adequate amount of cord blood DNA for PAH-DNA adduct analysis. Of those, 26 newborns (54%) had non-detectable PAH-DNA adducts (< 0.25 adducts/10 8 nucleotides). Among the subjects with detectable levels of PAH-DNA adducts (22 newborns), the distribution of the biomarker was skewed. Detectable adduct levels were categorized as high/low using the median of detectable adducts (0.4 adducts/10 8 nucleotides) as the cut point, with non-detectable subjects as the reference group. All tests were two tailed. All analyses were performed using the SAS® System, Version 9.0.
Results
As in the parent study 14;35 , there was variable prenatal exposure to PAHs in the subset as documented by personal air monitoring. Carcinogenic PAHs, including BP, were detected in all of the air samples. Detectable levels of PAH-DNA adducts were found in 46% of cord blood samples (n = 48). The air exposures and blood biomarkers ranged over several orders of magnitude. The mean and range of the exposure measures for total PAHs in air and PAH-DNA adducts in cord blood are shown in Table 2 .
Bivariate correlation analysis revealed a positive and significant correlation between stable aberration frequencies, but not unstable aberrations, and total PAHs in air ETS exposure at home was common. Almost half of the women (45%) in the subset reported a smoker in the home, while only 7% reported ETS exposure at work.
Levels of stable and unstable aberration frequencies were not significantly different between those newborns whose mothers reported ETS exposure in the home or at the workplace and those who did not (Table 3 ).
Mean stable aberration frequencies for African-American newborns were almost 50% greater than in Dominican newborns (p = 0.048) (see Table 3 ). This increase was not seen in unstable aberration frequencies. Exposure levels of PAHs in air and PAH-DNA adducts did not differ significantly between African-American and Dominicans (data not shown).
Regression analysis showed a positive association between PAH exposure in air and stable aberration frequencies in newborns, beta = 0.1399, SE = 0.0491, p = 0.006 (See Figure 1. ). Also by linear regression, stable aberration frequencies and PAH-DNA adducts were not associated (data not shown). Nor was there an association between unstable aberration frequency and either PAH exposure or PAH-DNA adducts (data not shown).
Discussion
The present study examined the relationship between prenatal maternal personal PAH exposure and FISH-detected chromosomal aberrations in cord blood in an urban, minority population. The most noteworthy finding was the significant, positive association between prenatal exposures to PAHs measured in air and stable chromosomal aberrations (p = 0.006). This is the first study to report an association between chromosomal aberrations detected by FISH in cord blood and prenatal exposures to airborne PAHs. Similarly, a number of studies carried out in adult populations have demonstrated a positive relationship between air pollution or PAHs and chromosomal aberrations 26-28;33 . Prior research has indicated an association between PAH-DNA adducts and somatic gene mutation in newborns 40 , and between PAH exposure and adducts and chromosomal aberrations in adults 28;33 .
The lack of association between PAH-DNA adducts and chromosomal aberrations in this study may be due to the small number (22) of subjects with detectable PAH-DNA adduct levels, or the possibility that the BP-DNA adducts measured in this study may not be the adducts most important in causing chromosomal aberrations. The current study used BP-DNA adducts as a surrogate for PAH adducts. Although the 8 carcinogenic PAHs monitored were strongly correlated, supporting BP as a proxy, some PAH-related adducts may not be adequately represented. We note that a prior study showed a correlation in adults between a wider spectrum of PAH/aromatic-DNA adducts, measured by 32 P-postlabelling, and chromosomal aberrations 28 . The lack of an association between PAH-DNA adducts and chromosomal aberrations may also be due to the fact that nucleotide excision repair, if incomplete, may remove adducts but generate double strand breaks that result in chromosomal aberrations [41] [42] [43] .
An intriguing finding in this study is the difference in stable aberration frequencies between African-Americans and Dominicans, although levels of exposure to PAHs were not significantly different. This may point to differences in one or more unmeasured exposures, which may be causing cytogenetic damage. Alternatively, there may be variation between African-Americans and Dominicans in susceptibility to PAHs or other environmental mutagens due to polymorphisms in metabolic or repair enzymes.
Further research is needed to examine this question. 3 Chi-square or F test used for analysis. 4 High School includes less than high school, some high school, high school diploma, and GED.
College includes some college, 2-year college, 4-year college, and 4-plus years of college. 4 Initial 250 newborns; assays are in progress. 
